Objectives: To summarize recommendations of existing guidelines on the treatment of upper respiratory tract infections (URTIs) in children, and to assess the methodological quality of these guidelines.
Introduction
Acute respiratory infections (ARIs) are classified as upper respiratory tract infections (URTIs) or lower respiratory tract infections (LRTIs) [1] . URTIs include the common cold, laryngitis, pharyngitis/tonsillitis, acute rhinitis, acute rhinosinusitis and acute otitis media (AOM) [2] . URTIs in children are a frequent illness accounting for a high proportion of doctor office visits [3, 4] . A national survey report from the UK showed the consultation rates of URTIs were 3,103 and 1,002 per 10,000 person years at risk in children aged 0-4 and 5-15 years, respectively [5] .
A proliferation of clinical guidelines published in peer-reviewed journals has been seen due to the high morbidity of URTIs. It is important that these guidelines provide appropriate guidance for the treatment of URTIs. Nevertheless, the growing number of guidelines has been accompanied with a growing concern about variance and conflicts among guideline recommendations and the quality of guidelines [18] .To date, there have been no systematic attempts to compare recommendations from available guidelines for the treatment of children with URTIs.
The aim of this study is to assess the quality of evidence-based guidelines for drug therapy of URTIs in children and to compare the recommendations of the existing evidence-based guidelines. Special attention was devoted to areas of disagreement and discussion with an ultimate aim to improve the clinical practice in treatment of URTIs for children. Such an assessment is important as it may explain some of the variability in guideline recommen-dations and may assist health care providers in choosing among available guidelines.
Methods

Data Sources
We searched Pubmed, Guidelines International Network (GIN), U.S. National Guideline Clearinghouse (NGC) and four Chinese databases: Chinese Biomedical Literature Database (CBM), China Knowledge Resource Integrated Database (CNKI), VIP Database and Wanfang Database for evidence-based guidelines (until March 2013) using the following items: respiratory tract infections, common cold, laryngitis, pharyngitis, tonsillitis, rhinitis, rhinosinusitis, otitis media, middle ear inflammation, influenza, grippe as Medical Subject Headings (MeSH) or keywords. The searches were limited to guidelines published in English or Chinese. We also searched guidelines at web sites of academic agencies, such as American Academy of Pediatrics (AAP) and Infectious Diseases Society of America (IDSA). Retrieved references were considered if they met our inclusion criteria.
Guideline Selection
Inclusion criteria. Types: evidence-based guideline with systematic literature review and grading system for quality of evidence and/or strength of recommendation [6] . 
Guideline Quality Assessment
Appraisal of guidelines with the AGREE instrument. Quality of evidence-based guidelines was assessed by using AGREE II from the following domains: scope and purpose, stakeholder involvement, rigor of development, clarity of presentation, applicability, editorial independence and overall guideline assessment. Each of the AGREE II items and the two global rating items were rated on a 7-point scale (1-strongly disagree to 7-strongly agree). A score was assigned depending on the completeness and quality of reporting. Domain scores were calculated by summing up all the scores of the individual items in a domain and by scaling the total as a percentage of the maximum possible score for that domain. The scaled domain score was calculated as: (obtained score-minimum possible score)/(maximum possible score-minimum possible score) [7] . Appraisal of agreement between reviewers. We used the intraclass correlation coefficient (ICC) as a measure of agreement between reviewers. The ICC was applied to each guideline. Calculations were carried out by using SPSS 13.0.
Data Extraction
Two researchers selected guidelines independently and extracted the following information: publication years, institutions, target populations, recommendations, quality of evidence, and strength of recommendations. We compared the similarities and differences of recommendations and their strength and analyzed the reasons for variation.
Results
Guideline Search and Review Process
A total of 1,785 citations and abstracts were identified in the initial searches. Finally, 13 guidelines meeting our inclusion criteria were included, covering a period from 2005 to 2013 (Figure 1 ). These 13 guidelines focused on drug therapy for pharyngitis, rhinosinusitis, otitis media and influenza. For the remaining URTIs (laryngitis, tonsillitis, rhinitis), no guidelines for children were found.
Characteristics and Quality of Guidelines
Half of the 13 guidelines are from America developed by the American Academy of Pediatrics (AAP) and the Infectious Diseases Society of America (IDSA). Five guidelines are developed specially for children, while the rest are for both adults and children. All guidelines, except one, announced the conflict of interests and none were founded by industrial partners. All guidelines stated the formulation of recommendations was based on evidence. However, there is a huge variation in the grading systems of evidence quality and recommendation strength used ( Table 1) .
Comparison of the Categorization of Evidence and Recommendations of the 13 Guidelines (Table 2) There were huge differences among 13 guidelines concerning the categorization of evidence and recommendations. Eight NA: Not available. 5 An interactive software tool that leads guideline development through a series o f questions that are intended to create a more actionable set of key action statements. 6 URTIs refer to guidelines which include multiple diseases in URTIs. doi:10.1371/journal.pone.0087711.t001 different grading systems were used, two of which failed to give strength of recommendations. Four guidelines used GRADE [21] [22] [23] [24] [25] . One guideline used SIGN [26] and one used CTFPHE [27] . Seven guidelines used other grading systems. The variation in terms of grading system may decrease the comparability of guidelines and confuse readers.
Evaluation of the AGREE Domains of Guidelines Analyzed (Table 3) Scope and purpose. This domain evaluates the overall objectives, expected benefit or outcomes, and target population of guidelines. The medium score for this domain was 90.28% (76.39%-97.22%), indicating that most guidelines satisfied criteria of this domain.
Stake holder involvement. This domain evaluates the degree of relevant professional group involvement and whether the views and preferences of the target population have been considered and the definition of target users has been clearly presented. The overall score in this domain was low with a medium of 61.11% (33.33%-83.33%). Most of the guidelines involved relevant professionals in the development process and declared the target population. However, the guideline developers did not seek the preference of target populations sufficiently resulting in a decrease in score of this domain.
Rigour of development. This domain addresses the method of evidence search, grading, summarizing and the formulation of recommendations. The medium score for this domain was 76.04% (32.81%-91.15%), with 1 guideline scoring ,50%. This guideline failed to demonstrate the link between evidence and recommendations. It was not reviewed externally before its publication either.
Clarity of presentation. This domain evaluates presentation and format of guidelines. The medium score was 95.83% (90.28%-98.61%), indicating that all guidelines satisfied criteria of this domain.
Applicability. This domain evaluates the consideration of facilitators or barriers to its implementation, as well as monitoring criteria. The medium score of this domain was 56.25% (10.42%-83.22%), the lowest of all domains. Four of 13 guidelines scored # 50%. Most guidelines failed to consider the applicability sufficiently in guideline development.
Editorial independence. This domain addresses founding issues and competing interests of guideline development members. The medium score was 81.25% (8.33%-97.92%), with 3 guidelines scoring,50%.
Agreement among reviewers. Table 3 summarizes the degree of agreement for 13 guidelines by ICC. The ICC values indicate overall agreement between reviewers was excellent (80%) for 8 of 13 guidelines and substantial (70%) for the other 5 guidelines.
Recommendations
Recommendations towards drug therapy of Group A streptococcal pharyngitis for children (Table 4) . Recommendations on antibiotics from IDSA and ISCI are consensus. The first choice was penicillin or amoxicillin. For penicillin-allergic patients, cephalosporins, clindamycin, or macrolides were recommended. Only IDSA, however, gave a recommendation on the duration of antibiotics (10 days). In terms of adjunctive therapy, IDSA suggested nonsteroidal antiinflammatory drugs (NSAIDs) as adjunct to an appropriate antibiotic for treatment of moderate to severe symptoms or control fever. Aspirin should be avoided in children due to the risk of Reye's syndrome [28] .
Recommendations towards drug therapy of acute bacterial rhinosinusitis (ABRS)/sinusitis for children ( Table 5 ). All of the 5 guidelines supported the use of antibiotics in pediatric ABRS. However, AAP emphasized the onset of antibiotics should be in cases of severe onset or worsening course, while the other four recommended antibiotics for all clinical diagnosed ABRS. Guidelines from FSP and SIP recommended amoxicillin as first-line choice due to the low risk of treatment failure [10] . IDSA, however, suggested amoxicillin-clavulanate rather than amoxicillin as empiric antimicrobial therapy, considering the increasing prevalence of H. influenza among URTI of children and the high prevalence of b-lactamase-producing respiratory pathogens in ABRS [29, 30] . For children with risk factors, amoxicillin-clavulanate was recommended. For non-type 1 hypertension, both ISCI and IDSA recommended doxycycline as an alternative for older children. Nevertheless, a variance appeared in terms of antibiotics for type 1 hypertension patients. ISCI and IDSA suggested levofloxacin, while AAP recommended cephalosporins based on recent studies which indicated the risk of a serious allergic reaction to cephalosporinsin patients with penicillin or amoxicillin allergy appeared to be nil [31] [32] [33] . The duration of antibiotic therapy is still controversial (3-28) [34] . In addition, all guidelines consistently deprecated decongestants, antihistamine and systemic corticosteroids (not local corticosteroids) in pediatric ABRS.
Recommendations towards drug therapy of influenza (Table 6 ). H1N1: Both IDSA and WHO recommended antivirals for confirmed or highly suspected H1N1 infection. However, IDSA recommended zanamivir rather than oseltamivir, while WHO recommended oseltamivir for children (.1 year) who have severe or progressive clinical illness. H3N2: Only IDSA released a guideline on the treatment of H3N2 and recommended oseltamivir or zanamivir for laboratoryconfirmed or highly suspectedH3N2. IDSA also warned that adamantanes should not be used.
H5N1: The recommendations on use of antiviral drugs for H5N1 were based predominantly on studies of infection with human influenza rather than clinical trials on treatment of H5N1 patients. Both WHO and IDSA placed a high value on the prevention of death and relatively low values on adverse reactions, development of resistance, and costs of treatment. Oseltamivir and zanamivir were recommended as first-line therapy and amantadine was recommended when neuraminidase inhibitors were not available.
Influenza-like syndrome: The SNLG did not recommend the routine use of amantadine, rimantadine, oseltamivir or zanamivir for influenza-like syndrome because of their side effects, the emerging resistance phenomena, and the irrelevance of the outcomes considered in the selected studies. Instead, SNLG recommended the use of oseltamivir in the post-exposure prophylaxis in non-vaccinated institutionalized patients.
Recommendations towards drug therapy of acute otitis media (Table 7) . SIGN, JOS and AAP all recommended an observation of 2-3 days before antibiotic therapy for mild AOM. AAP recommended amoxicillin as the first choice and an antibiotic with additional b-lactamase for children with risk factors. SIGN and JOS recommend amoxicillin, amoxicillin-clavulanic, cephalosporins and macrolides with a statement that cephalosporins and macrolides can be used but less safe than amoxicillin [35] . Duration of antimicrobial therapy is still controversial [36] . SIGN recommended a 5 day course according to British National Formulary, while AAP recommended a 5 to 10 day course based on the age of children [35, 37] . Further, only SIGN evaluated the efficacy and safety of adjunctive therapies [38] .
Discussions
Variation of Evidence and Recommendation Grading System
CTFPHE was first published in 1979 by Canadian Ministry of Health. The quality of evidence is based on the study design and the strength of recommendation depends on sufficiency of evidence. CTFPHE was the first grading system developed and is the foundation of many other grading systems. However, the CTFPHE still has some drawbacks [27] . For instance, a lack of strong relevance between quality of evidence and strength of recommendation and lack of consideration of results exist consistently among studies [39] . Consequently, many other The first-generation cephalosporins can be used for patients who are not anaphylactically sensitive. Azithromycin should be given for 5 days. organizations developed their own grading systems [40, 41] . SIGN grading system developed by the Scottish Intercollegiate Guidelines Network is one of the most-widely used systems [26] . However, it still failed to consider the consistency and indirectness of study results. In 2000, GRADE working group was founded based on organizations from 19 countries including WHO. The aim of this group is to develop a consolidated grading system for quality of evidence and strength of recommendation. In 2004, the first edition of this grading system was published and was recognized by more than 30 organizations including WHO and Cochrane Collaboration. Although the 13 guidelines included in our study were published after 2005, only four of them use the GRADE system. We suggest further guidelines use a comparable uniform grading system to evaluate the quality of evidence and strength of recommendations.
Quality of Guidelines
The potential benefits of guidelines are only as good as the quality of the guidelines themselves. Appropriate methodologies and rigorous strategies in the guideline development process are important for the successful implementation of the resulting recommendations [7] . For these 13 guidelines, two domains are the main problems which decrease the quality and reliability of guidelines. The first is a failure to seek patients' views and preferences or fail to report this information. Many methods can be used to consider patients' expectations such as: formal consultations with patients, participation of patients on guideline development group or external review group, or a literature review of patients' values. However, these processes were seldom performed or described in guideline development or the final reports of guidelines. This problem is also found in other disease guidelines [42, 43, 44] . The second problem is a lack of consideration of applicability of guidelines. How to facilitate the application of guidelines is as important as how to develop a high quality guideline. The facilitators and barriers that may impact the application of guidelines should be considered when developing the guideline. Also, there is a need to consider how to disseminate and implement the guideline effectively using additional materials such as a quick reference guide, educational tools and patient leaflets. These factors are important but often ignored by guideline developers. Studies on the effectiveness of clinical guideline implementation strategies showed that successful guideline implementation strategies should be multifaceted, and actively engage clinicians throughout the process [45, 46] . Thus, future guidelines should pay more attention to the implementation process of guidelines.
Factors Contributing to Inconsistencies of Guidelines
Although an important level of consensus appears throughout the various guidelines, there are still some conflicts in recommendations for drug choice and durations of therapy. There are three main reasons contributing to the variances. First, the geographic difference leads to the variance of pathogens and its drug resistance. Second, the recommendations of guidelines were based on different evidence. Recent studies may overturn the results of previous studies. Thus, the timely updated guidelines are more reliable. Third, the expectation and preference of guideline developers and patients may influence the final recommendation.
Therefore, a local guideline is more useful for health professionals if there is a conflict among guidelines.
Suggestions for Future Research
The durations of antimicrobial therapy for rhinosinustis and acute otitis media are still controversial. More studies are needed to compare the different durations of antibiotics in children. In addition, the antivirials for influenza also lack direct evidence. Many recommendations are based on indirect evidence. Thus, more clinical trials or prospective observational studies are needed.
Conclusions
Future guidelines should use a consistent grading system for quality of evidence and strength of recommendations and seek the preference of stake holders to improve the applicability of guidelines. Further, there are still some areas in pediatric URTI that need more research.
Supporting Information
Checklist S1.
(DOC) The child does not received amoxicillin in the past 30days or does not have concurrent purulent conjunctivitis or the child is not allergic to penicillin. 2 The child has received amoxicillin in the last 30 days or has concurrent purulent conjunctivitis, or has a history of recurrent AOM unresponsive to amoxicillin. Parents should give paracetamol for analgesia but should be advised of the potential danger of overuse. doi:10.1371/journal.pone.0087711.t007
